An eco-friendly ultrasound-assisted procedure was developed for the preparation of a series of novel pyridazinium ionic liquids (ILs) 1-8. 
Introduction
The level of research interest directed towards ionic liquids (ILs) has grown considerably during the past two decades because of their many outstanding properties, including their negligible vapour pressure, great thermal stability, nonflammability, good electrical conductivity, moderate viscosity and excellent solubility towards organic and inorganic compounds. [1] [2] Based on their attractive properties, ILs were extensively employed as an alternative green solvent to the common organic solvents. 3 Furthermore, ILs have been used in a broad range of applications in a variety of different fields, including the electrodeposition of metals 4 and the development of corrosion inhibitors, [5] [6] [7] as well as numerous applications in polymer science and catalysis. [8] [9] On the basis of these findings, a series of novel functionalized pyridazinium-based ILs 1-7 is communicated using an efficient green ultrasound-assisted reaction. Our group recently reported the synthesis of another interesting IL known as 1-(2-(4-nitrophenyl)-2-oxoethyl)pyridazinium bromide, which will be referred to hereafter as IL 8. 7 The antimicrobial and antitumor activities of ILs 1-8 were evaluated in the current study and the results of these experiments have been discussed in detail.
Results and Discussion

Chemistry
Numerous reports have recently been published pertaining to the use of ultrasonic irradiation to promote a variety of organic transformations. [10] [11] With this in mind, ultrasonic irradiation was used in the current study as an eco-friendly approach for the successful construction of new pyridazinium-based ILs 1-8. Briefly, a solution of pyridazine was treated with several different alkyl halides under ultrasonic irradiation in a closed system (Scheme 1).
Conventional N-alkylation conditions generally require long reaction times and provide moderate to low yields of the desired products. However, the use of ultrasound technology can lead to a significant decrease in the reaction time (5 h) required for an N-alkylation reaction compared with conventional conditions. 12 The yields obtained in the current study for the synthesis of ILs 1-8 under ultrasonic irradiation are shown in Table 1 .
The newly synthesized ILs 1-8 were characterized by 1 H NMR, 13 C NMR, FT-IR and LCMS analyses. The characterization of IL 2 was discussed in detail as the most representative compound of this new family of ILs.
The N-alkylation of pyridazine with methyl 6-bromohexanoate afforded 2, which result in the appearance of a singlet at 3.59 ppm due to the methyl protons of OCH 3 group. The five methylene protons of the IL2 appeared respectively as a triplet at 4.88 ppm for NCH 2 The success of this new strategy for the N-alkylation of pyridazine was also confirmed by the FT-IR spectra of ILs 1 and 3-8. The FT-IR spectra of IL 1 contained an absorption band at 1730 cm -1 , which indicated the presence of a carbonyl group (C=O) belonging to an ester. Furthermore, the FT-IR spectrum of IL 8 contained a peak at 1637 cm -1 , which was consistent with the presence of a carbonyl group (C=O) belonging to a ketone. Finally, the LCMS spectra of ILs 1 and 3-8 contained peaks consistent with the desired mass ions [M-X] + .
Antimicrobial Properties
Several recent reports showed that ILs possess promising biological activities. [13] [14] [15] Encouraged by these results, we proceeded to evaluate the antimicrobial activities of ILs 1-8 against four strains of bacteria, including two Gram-positive and two Gram-negative strains, and four strains of fungi.
Antifungal Properties
In recent years, extensive research appeared in literature regarding the design of new families of antifungal agents presumably due to the increasing resistance of fungi towards RESEARCH ARTICLE M. Messali, M.N. Almtiri, B. Abderrahman, R. Salghi, M.R. Aouad, S.F. Alshahateet and A.A-S. Ali, 220 S. Afr. J. Chem., 2015, 68, 219-225, <http://journals.sabinet.co.za/sajchem/>. existing antifungal agents. The antifungal activities of ILs 1-8 were screened in vitro against Aspergillus fumigatus, Penicillium italicum, Candida albicans and Geotrichum candidum. The antifungal activities were measured using the agar diffusion method with Sabouraud's agar medium. The results of these experiments are summarized in Table 2 and represented graphically in Fig. 1 . As shown in Table 2 , the zones of inhibition fluctuated from 21.3 mm for IL 7 to 13.1 mm for IL 3, and were therefore comparable to those observed of the antibiotic Amphotericin B, which was used as a positive control.
Antibacterial Properties
The antibacterial activities of ILs 1-8 were tested in vitro against two Gram-positive (Staphylococcus aureus and Bacillus subtilis) and to Gram-negative (Pseudomonas aeruginosa and Escherichia coli) bacteria. The antibacterial activities of ILs 1-8 were determined using the agar diffusion method with Mueller-Hinton agar medium.
The results of these experiments are displayed in Table 3 and represented graphically in Fig. 2 , and show that ILs 1-8 exhibited similar levels of antibacterial activity towards S. aureus, B. subtilis, P. aeruginosa and E. coli to both Ampicillin and Gentamicin.
Furthermore, IL 7 exhibited the highest activity towards all of the microorganisms tested in the current study at a concentration of 30 µg mL -1 . The higher activity of IL 7 was attributed to its 2-chlorobenzyl group.
Minimum Inhibitory Concentration (MIC)
Since ILs 2-3 and 5-8 showed good Inhibition zone, they were selected in order to test the in vitro Minimum Inhibitory Concentration (MIC) and the obtained results are summarized in Table 4 .
The MIC of the tested ILs showed good to moderate activity against eight types of human pathogens comparing with drugs standard and the range of MIC levels varied from 0.99 µM to more than 260 µM.
Cytotoxic Activity of Compounds 1, 2 and 8 against Tumor Cell Lines
ILs 1, 2 and 8 were selected for further evaluation based on their in vitro activities, and their cytotoxic activities were evaluated towards a series of human cancer cell lines, including HEPG2 (human hepatocellular carcinoma), MCF-7 (human breast adenocarcinoma) and HCT116 (colon carcinoma) cells. Cell growth and cell viability measurements were recorded RESEARCH ARTICLE M. Messali, M.N. Almtiri, B. Abderrahman, R. Salghi, M.R. Aouad, S.F. Alshahateet and A.A-S. Ali, 221 S. Afr. J. Chem., 2015, 68, 219-225, <http://journals.sabinet.co.za/sajchem/>. according to a previously reported procedure. 16 Cytotoxicity was evaluated using various viability assays (HCT cytotoxicity Assay and MTT Metabolic impairment Assay), which were performed by the Regional Center for Mycology & Biotechnology at Al-Azhar University, Egypt. The results of these assays are displayed in Figs. 3-5 . The used concentrations are the same for all tested ILs and are expressed in mg mL -1 and he results are the mean of three repetitions.
The results of the cytotoxicity assays showed that ILs 1, 2 and 8 exhibited dose-dependent activities towards all three cell lines, with increases in the dose leading to a reduction in survival. However, the dose responses were less pronounced for concentrations in the range of 25-50 mg mL -1 , but IL 8 was found to exhibit the higher antiproliferative activity in the range of 5 to 25 mg mL -1 . The IC 50 values of ILs 1, 2 and 8 were found to be in the range of (Table 5) . Notably, IL 8 showed the highest activities of the three ILs tested towards all three cell lines, with IC 50 values in the range of 30 to 51 µM, although the activities of this compound was less than those of Vinblastine, which was used as a positive control.
RESEARCH ARTICLE
M. Messali, M.N. Almtiri, B. Abderrahman, R. Salghi, M.R. Aouad, S.F. Alshahateet and A.A-S. Ali, 222 S. Afr. J. Chem., 2015, 68, 219-225, <http://journals.sabinet.co.za/sajchem/>.
Experimental
All new compounds were characterized by 1 H NMR, 13 C NMR and IR spectroscopy and LCMS.
1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were measured in DMSO and D 2 O at room temperature. Chemical shifts (d) were reported in ppm, with tetramethylsilane (TMS) as an internal standard. The Liquid chromatography-mass spectrometry LCMS (spectra were measured with a Micromass LCT (Liquid Chromatography Tandem) mass spectrometer (Model: Micromass LCT Classic, Agilent Technologies, Germany). IR spectra were recorded on a KBr disc with a Shimadzu 8201 PC FT-IR spectrophotometer (n max in cm -1 ). Ultrasound-assisted reactions were performed with a high-intensity ultrasonic processor SUB Aqua 5 Plus-Grant with a temperature controller (750 W), microprocessor controlled-2004. The ultrasonic frequency of the cleaning bath used is 25 KHz.
Synthesis
General Procedure for the Synthesis of N-alkylpyridazinium Halides 1-8 with Ultrasonic Irradiation
Pyridazine (1.0 eq.) and an alkyl halide (1.1 eq.) were added to toluene (15 mL) and placed in a closed vessel and exposed to irradiation for 5 h at 70°C in a sonicator until a precipitate was formed. The obtained solid was filtered and washed with ethylacetate to afford the desired pyridazinium IL 
Characterization
1-(2-Ethoxy-2-oxoethyl)pyridazinium Chloride
Determination of IZ and MIC
The antimicrobial potential was estimated in terms of inhibition zone (IZ) measurements by agar disc diffusion method. The test was performed by transferring 24 h fresh bacterial cultures onto the surface of Muller-Hinton agar plates to yield confluent growth. The antibacterial potential was assayed using filter paper discs (6 mm i.d.) loaded with 10 µg of tested ILs. Loaded discs were transferred onto the centre of inoculated Petri-plates which were then maintained for 2 h in a refrigerator at 4 C to allow for the diffusion of the bioactive compound. The diameter of the inhibition zone was measured (in mm) after 24 h incubation at 37°C. Sterile distilled water was used as a control. Clinical samples of Escherichia coli, Enterobacter sp., Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Bacillus cereus and Acinetobacter baumannii were used as test strains.
The minimum inhibitory concentration (MIC) of tested ionic liquids were determined by CLSI microdilution-based method. 17 Test compound was dissolved in sterile, distilled water and diluted to a final concentration of 256 µg mL -1 in Mueller-Hinton broth (Becton Dickinson, USA). 18 Two-fold serial dilutions were prepared in a 96-well microtitre plate. Bacterial suspension containing approximately 1 × 10 8 CFU mL -1 were prepared from 24 h agar plates with Mueller Hinton broth. Aliquots of 100 µL of each bacterial suspension was mixed with 100 µL serially diluted tested compound in microtitre plate. 19 Uninoculated wells were prepared as control samples. Plates were incubated at 37°C for 24 h. The MIC was defined as the lowest concentration of test compound producing no visible growth. All experiments were performed in triplicate.
Conclusion
A novel series of functionalized pyridazinium-based ILs has been successfully synthesized under ultrasonic irradiation conditions. The structures of these compounds were fully characterized by FT-IR, 1 H-NMR, 13 C-NMR and mass spectrometry. Compared with standard antibiotics, the results of several antimicrobial screening experiments showed that our newly synthesized ILs exhibited good to moderate antimicrobial and antifungal activities. Furthermore, the cytotoxic activities of three of these new ILs were tested in vitro against three different human carcinoma cell lines. The results revealed that IL 8 could be considered as a promising antiproliferative agent with low IC 50 values against all three cell lines.
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